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Abstract 
This paper concerns the relationships amongst acoustic 
phonetic features of speech signals, perceived vocal effort, and 
speech clarity. It is presented from a statistical analysis of a 
good number of subjective testing on an anechoic speech 
corpus with 5 different vocal efforts, namely hushed, normal, 
raised, loud, and shouted, with an aim to map objective 
acoustic phonetic features onto subjective ratings. Results 
show that listeners can differentiate vocal effort from subtle 
acoustic phonetic variations. There is also a correlation 
between clarity and vocal efforts. A regression model is 
further established to predict vocal effort from acoustic 
phonetic analysis.  
Index Terms: vocal effort, speech perception, anechoic 
recording, clarity, acoustic phonetics, multi-regression  

1. Introduction 
Vocal effort variation results in changes of prosody and 
acoustic phonetic features of speech, not just overall energy 
levels. Simply increasing the volume of a whispered recording 
does not make it sound like a shouted one. This paper aims to 
identify which phonetic elements are responsible for the 
acoustic and perceptual changes across different vocal effort 
levels and establish, where possible, a regression/prediction 
model. Although previous research has addressed related 
problems, this paper is believed to be the first work that looks 
at a wide range of clearly-defined vocal efforts using a larger 
speech corpus of British English speakers obtained in strictly 
anechoic conditions. In addition, the work also attempts to 
elucidate the relationship between vocal effort and clarity with 
the hypothesis that differences in speech clarity are inherently 
associated with different vocal effort levels.  

In the loudness domain, much work has examined the 
effects of consonant-vowel intensity ratios on speech loudness 
and speech perception [1, 2, 3]. Results showed that high 
consonant-vowel intensity ratios did not significantly increase 
the loudness perception. This finding is especially applicable 
to signal processing within digital hearing aids, suggesting that 
consonants can be amplified without causing the user 
discomfort and theoretically enhancing speech intelligibility. 
There are numerous other ‘domains’ in which speech can be 
separated and segmented: for example by whole utterances, by 
individual words, by voiced-unvoiced distinctions and by 
broad or narrow phonemic classes. Garnier et al. analysed 
acoustic changes in Lombard speech over whole utterances 
[4]. Hansen and Köster worked using broad phonemic classes 
[5, 6]. Research has shown that segmental durations in loud 
speech are different from modal speech. It was found that 
vowel durations increase and consonantal durations decrease, 
in French and German [7, 8]. However, no consonantal 

shortening was found in Swedish [9]. In respect to how 
different vocal effort levels are perceived, Traunmüller [10] 
and Traunmüller and Eriksson [9] conducted sets of perception 
experiments where listeners were asked to rate the distance 
between talker and listener with the assumption that talker-
listener distance is related to vocal effort. The perception 
results were correlated with detailed acoustic phonetic analysis 
of the speech material. Multiple regression analysis revealed 
that sound pressure level was the best single predictor of vocal 
effort (r = 0.90), followed by changes in formant frequencies. 
Creaky voice was found to decrease as vocal effort increased. 
Vowel durations increased with vocal effort, whereas 
consonant durations remained flat. Tasko et al. [11] evaluated 
the influence of open quotient, f0 and intensity on listener 
ratings of vocal effort, using isolated synthesised vowels. 
Multiple regression analysis showed that a combination of the 
three acoustic variables yielded an R2 value of 0.68. All these 
findings suggest that vocal effort perception is based on a 
hierarchical system of multiple acoustic phonetic cues.  

2. Method and procedure 
Speech recordings were made in an anechoic chamber using 
an omni-directional ½” G.R.A.S. Sound & Vibration 26CA 
microphone, calibrated by an acoustic calibrator providing a 
sound pressure level of 94dB re 20 µPa at 1000 Hz. The 
microphone was placed at a 1 metre distance from the subject, 
on axis with their mouth. Subjects were seated in the anechoic 
chamber and asked to read five phonetically balanced 
wordlists at five specified vocal efforts as detailed in Table 1.  

Table 1. Descriptions of vocal efforts given to subjects.  

Hushed This is the quietest level of voiced speech – just louder 
than whispering. Typically this speech level would be 
used in intimate situations where privacy is an issue; for 
example talking in a library so as not to disturb others, or 
talking in a doctor’s waiting room. 

Normal This is a normal, everyday conversational speech level. 
Typically this speech level would be used in small quiet 
room with no more than two or three people involved in 
the conversation. 

Raised This speech level would typically be used when 
addressing multiple people in a medium sized room, or 
when in the presence of background noise such as a car 
or train. 

Loud This speech level would typically be used when issuing 
commands or attracting attention, expressing anger or 
assertiveness. For example, when addressing a large 
number of people in a very large room without the aid of 
amplification. 

Shout This is the loudest possible speech level one can manage, 
without straining or hurting the vocal cords. 
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Thirty-five subjects were recorded, 23 males and 12 females. 
The average age was 30. The total number of words in the 
corpus was 4340:  816 hushed, 864 normal, 882 raised, 882 
loud and 896 shouted words. Acoustic phonetic analysis were 
performed on the corpus with the Praat software to calculate 
acoustic phonetic elements including f0 and formants, 
intensity, voiced and unvoiced durations, and voiced-unvoiced 
intensity ratios. A hundred isolated CVC words selected 
randomly from the corpus were used for the experiment. 
Twenty words from each vocal effort level spoken by 5 males 
and 5 females. The overall sound level was equalised across 
all stimuli to the same Leq. This was to remove the variance in 
volume and ensure that subjects only use the subtle phonetic 
aspects of the speech to complete the task. Stimuli were 
presented over an Apple Macintosh computer via Sony MDR-
V150 headphones using Praat experiment-mfc software. 
During the first 5 trial tests, listeners were able to adjust the 
volume to a comfortable level, which then remained 
unchanged throughout the testing. The experiment interface is 
shown in Figure 1. The top row collected the responses for 
‘perceived vocal effort level, the bottom one collected the 
perceived clarity of articulation. A ‘replay’ button was 
positioned under the bottom row. The number of available 
replays was set to be unlimited. 

Figure 1. Screenshot of the experiment interface used. 

Subjects were given a short practice before the main test to 
familiarise themselves with the experiment interface and the 
range of vocal efforts in the stimuli. Subjects were given 
detailed descriptions of each vocal effort label. These were the 
same as shown in Table 1. The following description of clarity 
of articulation was given: ‘how well the speaker enunciates the 
word; how defined and clear the articulation is. Good clarity of 
articulation is where each individual speech sound is easily 
heard and recognised, whereas poor clarity of articulation 
would be if the speaker mumbles or it is difficult to recognise 
what they are saying’. Each test session was around 10-15 
minutes to avoid fatigue issues. Twenty-five normal hearing 
native English-speaking subjects participated in the listening 
experiments; 14 males and 11 females. The average age of 
subjects was 35. No subjects had any experience in speech 
transcription or similar work. Listening tests took place in a 
quiet environment free from any potential disruptive 
background noise. A total number of 2500 responses were 
collected for further analysis. 

3. Results and analysis 

3.1. Actual vocal effort and perceived vocal effort  
The relationship between actual vocal efforts (the stipulated 
level for the original recordings) and the perceived vocal 
efforts (the responses from the listening tests) was investigated 
and statistical results across all listeners are shown in Figure 2. 
In the boxplot, the thick black lines represent the mean score, 
the filled box represents the interquartile range and the 
horizontal lines at the end of the ‘whiskers’ represent the 

minimum and maximum values. Asterisks represent suspect 
outliers in the hushed and normal cases. 

    
Figure 2. Relations between actual and perceived vocal effort. 

The vocal efforts were mapped on a scale of 1 – 5 (hushed = 1, 
…shouted = 5). The average scores for perceived vocal efforts 
were as follows: hushed = 1.16; normal = 2.11; raised = 2.66; 
loud = 3.23 and shout = 4.69. It is interesting to look at which 
vocal efforts were confused with others. To do so, percentages 
of responses are shown in a confusion matrix in Table 2. The 
loud speech levels yielded the most confusion for other speech 
levels amongst listeners and is the speech level with the 
highest variation in responses (standard deviation = 0.68). The 
hushed and normal and shouted levels yielded less confusion 
with standard deviations of 0.37, 0.31 and 0.46 respectively. 

Perceived vocal effort level Actual 
vocal effort 

level Hushed Normal Raised Loud Shout 

Hushed 83.6 0 0 0 0 
Normal 16.4 89.4 10.6 0 0 
Raised 0 40.8 52.8 6.4 0 
Loud 0 13.8 50.2 35.6 0.4 
Shout 0 0 0 31.2 68.8 

Table 2. Confusion matrix showing percentage scores of 
actual vocal effort against perceived vocal effort.

3.2 Vocal effort and clarity  
Comparisons were also made to analyse the correlation 
between actual vocal effort and perceived clarity of 
articulation. The results are shown in Figure 3. 

Figure 3. Relations between vocal effort and clarity.

Figure 3 shows the average clarity ratings against the actual 
vocal efforts (the ones stipulated during the recordings, left) 
and perceived vocal efforts (right). Mean clarity ratings for 
each stipulated vocal effort were: hushed = 2.19, normal = 
4.04, raised = 4.12, loud = 3.65 and shout = 2.90. Standard 
deviations were: hushed = 1.18, normal = 1.01, raised = 0.87, 
loud = 1.12 and shout = 1.21. Post-hoc tests (Tukey’s) 
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revealed that normal and raised were the only pair not to be 
significantly different from one another (p < 0.05). Female 
speakers were rated slightly higher in clarity than male 
speakers. Females scored an average rating of 3.71 whereas 
males scored 3.16. The results show that the words said at 
normal and raised levels were deemed to have the best 
perceived clarity of articulation. The words said at a hushed 
level were rated the lowest. The pattern of the graph suggests 
that the ‘ideal’ speech level for the best clarity of articulation 
is around the normal to raised level. As vocal effort increases 
from the raised level, perceived clarity of articulation 
decreases. This implies that excessively raising one’s voice 
does not necessarily result in an increase in clarity. Whereas 
raising voice is typically associated with a desire to improve 
intelligibility (against background noise), extreme vocal 
efforts such as loud and shout can actually have the opposite 
effect by decreasing perceived clarity.  

4. Regression model and prediction 

4.1 Multiple Regression  
Multiple (linear) regression was used by many other authors 
for similar studies to determine major predictors for various 
aspects of speech perception [9, 10, 11]. This was chosen for 
this study to follow the trends and also to make comparison 
easier. The multiple regression is typically used when more 
than one independent variable (or predictor) affects a 
dependent variable of interest. The purpose is to (i) determine 
the contribution or importance of each independent variable 
and (ii) obtain a prediction model when statistical significance 
and confidence are sufficient.  The regression model takes the 
form of: 

                   1 1 2 2 n nY b X b X b Xα= + + +             (1) 

where Y is the dependent variable (in this case, perceived 
vocal effort or clarity); α is the constant or intercept and b1 is 
the slopes (also known as beta coefficient) for X1, where X1 is 
the first independent variable that is explaining the variance in 
Y; and this follows on for X2 until Xn. The beta coefficient is a 
measure of how strongly each independent variable influences 
the dependent variable. Analysis was conducted on the 
responses from the listening tests to see which predictor 
variables (f0, F1, F2, F3, voiced intensity, unvoiced intensity, 
voiced duration, unvoiced duration, V-UVi, V-UV PRatio) 
have a significant influence on the dependent variable. V-UVi 
was computed by subtracting the unvoiced intensity from the 
voiced intensity. V-UV PRatio (where P stands for pressure) 
was computed using the following formula: 

                             V-UV PRatio = 10V-UVi/20                 (2) 

These variables were chosen on the basis that similar work had 
also used them, making our work more easily comparable with 
others [9, 10]. They are regarded as ‘important’ properties of 
speech. Instead of using the straightforward intensity and 
duration as independent variables, these were split into voiced 
and unvoiced segments to allow for a more phonetic driven 
analysis. To the best of our knowledge, no previous work has 
used voiced and unvoiced components as separate variables. 
The analysis was done using the SPSS software package. 

Using the “enter method”, in which all independent variables 
are entered simultaneously, a significant model emerged with 
F10, 2489=1220, p < 0.0005 and Adjusted R2 = .830. Details 
about standardized coefficients b and p-values are shown in 
Table 3.  

Predictor variable Standardized coef. bn p 
Voiced intensity .536 0.000 

f0 .296 0.000 
Unvoiced intensity .123 0.000 

Voiced duration .077 0.000 
Unvoiced duration .042 0.000 

V-UV PRatio .036 .003 
F2 .027 .003 
F1 -.009 .395 
F3 -.010 .289 

V-UVi -.036 .076 
Table 3. Initial results from multiple regression analysis

The use of Standardized coefficient is to solve the problem of 
different scales of independent variable and give fair 
indications of their importance to the dependent variable. In 
this combination of predictor variables, V-UV PRatio, F1, F2, 
F3 and V-UVi are not significant predictors of vocal effort, 
meaning that they do not improve the fit of the model. This is 
due to multicollinearity, because the formant frequencies are 
so closely correlated with f0. They are conveying essentially 
the similar information. Moreover, VdB minus UVdB and V-
UV pressure ratio are closely correlated with the voiced and 
unvoiced intensity. The problem of multicollinearity is solved 
by removing one of the conflicting variables, usually the ones 
that seem logically inessential to the model. Therefore, some 
comparisons are required to see which combination of 
predictor variables yields the most significant model, shown in 
Table 4. 

Table 4. Logical steps taken to modify the multiple regression 
model by changing the combination of predictor variables.

Step 1 uses individual formants rather than f0, which lowers 
the R2 value and still leaves F3 as insignificant. Step 2 replaces 
the formants with f0, which raises the R2 and leaves no 
insignificant variables. At this point, it seems clear that using 
f0 rather than individual formants is a better option. In any 
case, formant frequencies are an inherent ‘sub’ parameter and 
direct result of the f0 and therefore less essential to the overall 
model. Step 3 replaces voiced and unvoiced intensity with the 
V-UV PRatio, to try and solve the multicollinearity issue with 
intensity. The V V-UV PRatio was chosen over the VdB 
minus UVdB ratio as this yielded a coefficient value that was 
closer to significance in the original model. The resulting R2

drops dramatically, indicating that voiced and unvoiced 
intensity are better predictors than the pressure ratio, which 
remains insignificant.  

Table 5. Adjusted multiple regression results after the logical 
reduction of predictor variables.

Step Predictor 
combination 

Adjusted 
R2

Insignificant 
variables? 

1 
UV & V intensity, 

UV & V duration, F1, 
F2, F3

.800 F3

2 UV & V intensity, 
UV & V duration, f0 .829 None 

3 V-UV PRatio , UV & 
V duration, f0 .657 V-UV 

PRatio 

Predictor variable Standardized coef. (bn) p 
Voiced intensity .518 0.000 

f0 .300 0.000 
Unvoiced intensity .130 0.000 

Voiced duration .072 0.000 
Unvoiced duration .042 0.000 
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Using the predictor variables shown in Table 4 (step2), a 
significant model emerged with F5, 2494=2426, p < 0.0005 and 
Adjusted R2 = .829, detailed in Table 5. The standardized 
coefficient column shows that voiced intensity contributes the 
most to perceived effort, followed in importance by f0, 
unvoiced intensity, voiced duration and finally unvoiced 
duration. These results shed some light on the perception of 
segmental phonetic variation, which occurs during different 
speech levels. By treating the voiced and unvoiced parts of 
intensity and duration as separate entities, we can see how 
micro-modifications of the voice have an effect on the 
perception of speech loudness. These findings act as a 
significant argument to the proposition that a measure of 
speech loudness should incorporate phonetic modifications 
within. 
Multiple regression analysis was also performed to identify 
significant predictor variables for perceived clarity of 
articulation. With the enter method the following significant 
model emerged with F10, 2489=39.418, p < 0.0005 and 
Adjusted R2 = .174. Though the model is significant, the 
relatively low R2 value indicates that the predictor variables 
only account for 17.4% of variance in perceived clarity. 
Details are listed in Table 6. 

Table 6. Multiple regression results on clarity of articulation.

Voiced intensity bears the highest coefficient in the rating of 
clarity of articulation with a coefficient value of .218. It is 
possible that this is the highest because the experimental 
stimuli were differently stipulated speech levels. F2 seems to 
play an important role in clarity perception and has the second 
highest coefficient value. Unvoiced duration also has a large 
coefficient value, suggesting that longer consonantal periods 
produce speech that is high in clarity. This combination of 
predictor variables yielded the highest R2 value, therefore there 
is no need to further report the efforts of trying different 
combinations independent variables or stepwise deduction.  

4.2 Validation of vocal effort prediction  
With the successful multiple regression (R2 = 0.829), it seems 
linear multiple regression is adequate for the prediction of 
perceived vocal efforts. It is therefore useful to formulate the 
relation between the perceived vocal effort and acoustic 
phonetic parameters. Equation 3 is obtained from the 
regression. The slopes of coefficients within the equations are 
straightforward b coefficients therefore are different from the 
standardized ones listed in Table 5.   

02.9 0.048 0.004 0.018 0.6 1.148i i dur durVEL V F UV UV V= − + + + + +
                                                                                 (3) 

where VEL is perceived vocal effort, Vi is voiced intensity, f0 
is fundamental frequency, UVi is unvoiced intensity, UVdur is 
unvoiced duration and Vdur is voiced duration. Validation 
tests were carried out. Predicted scores for vocal effort levels 
were run on all unknown speech samples (those from the 
corpus but not included in the listening experiment). The 

predicted and actual vocal efforts were show in Figure 4. The 
predictions for vocal effort level are generally promising. 

Figure 4. Predicted vocal effort level scores using Equation 3 
(adjusted R2 = 0.83).  

5. Concluding remarks 
Multiple regression analysis shows that a linear model would 
predict actual vocal effort reasonably well with R2 = 0.83, 
when predictors are properly chosen. The results here seems to 
be more promising than those reported by other authors. This 
might be attribute to the choices and “formations” of the 
acoustic phonetic predictors and in particular the separation of 
voiced and unvoiced parameters. However the prediction of 
clarity from phonetic elements remains challenging and may 
need more sophisticated models or via machine learning.  
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Predictor variable Standardized coef. (bn) p 
Voiced intensity .218 0.000 

F2 .217 0.000 
Unvoiced duration .196 0.000 

F1 .131 0.000 
F1 offset-onset .120 0.000 

Voiced duration .116 0.000 
F2 offset-onset .093 0.000 

Unvoiced intensity -.011 0.726 
F3 -.003 0.887 
f0 -.398 0.000 
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